been more severe weather events resulting in flooding, ice storms, short periods of dramatic temperature variations (freeze-thaw events), and hot spells with drought conditions. Ottawa's weather changes might be characterized as more emphatic or severe, rather than as different patterns from what the city has seen in the past.
While government policies at three levels (federal, provincial and municipal) generally reflect an urgent need to recognize risks to lives and property from climate change, consumers and the housing development industry, who combine to generate an entrenched economic growth model, seem to be unreceptive and unwilling to alter a halfcentury of (relatively) affordable housing production. The contradiction between the policies written by environment-minded public officials and the actual practices on the ground signifies a debate that can only grow more intense along with growing alarm about the environment. The paper ends with questions about the future of urban development for policymakers, planners and developers.
Abstract
This paper is intended to inform discussions between industry and government policymakers in and beyond Ottawa, Canada about climate change and potential impacts on residential development regulations and corresponding industry practices. Ultimately, both private and public stakeholders must acknowledge the impacts of urban form on greenhouse gas (GHG) emissions, and, conversely, the impacts of climate change on cities, for any meaningful progress on urban sustainability to ensue. Section 1 introduces the basic relationships between urban development and climate change. Urban form is directly tied to energy consumption and GHG emissions, mainly through building and transportation energy consumption. Section 2 summarizes regional changes from climate change projected by various research organizations. Projected weather changes include more severe heat waves, rain and freezing rain in the future, with flooding identified repeatedly as the main concern for the Ottawa region. Section 3 reflects on the potential impacts of more severe weather on buildings and on the building industry. Impacts may include risks to structures and workers, as well as shifting regulations and insurance liabilities. Section 4 provides an overview of changes to government environmental policies that may signal future regulatory change. And finally, Sections 5 and 6 pose questions of interest for future regulators and builders.
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Introduction
More than half of the world's population now lives in cities -a proportion that increases every day. Approximately 80% of Canadians live in cities, and 80% of those city dwellers are suburban (Gordon & Janzen, 2013; Gordon & Shirokoff, 2014) . Likewise, cities consume the majority of the world's resources and produce the majority of the world's pollution. Cities and urban form remain key determinants of global environmental sustainability.
The residential land development and building industry is one of the largest industries in Canada, with significant impacts on the environment. The main impacts include: greenhouse gas (GHG) emissions associated with material chains and machinery used in the production of housing; GHG emissions from the production and consumption of energy for household uses and transportation; various pollutants and waste; and the disruption of farming, natural landscapes and water systems.
Current government regulations and building industry initiatives reduce some of the above impacts. However, regulations add to production costs and thus make housing less affordable. Industry officials also point out that consumers often make decisions based on short-term aesthetics over long-term green building considerations 2 . Marketbased approaches have proven insufficient in and of themselves, so municipal and provincial governments in Canada are moving towards regulatory approaches to climate change.
Builders, regulators and consumers of housing in Ottawa must increasingly consider the growing debates about buildings, urban form, energy and climate change.
For example, construction materials have a "carbon footprint" because energy is required to gather raw materials, to shape them into useable form, to transport them, to warehouse them and to fabricate and install them 3 . 4 According to Environment Canada, "Renewable energy still has other effects on the environment, such as the disturbance of land and eco-systems in hydro reservoirs or because of variable stream flow downstream of dams; the water effluent from processing of biomass or renewable fuels; ambient air pollution coming from wood smoke when heating with wood; waste ash from biomass combustion; and the impacts on land from intensive agricultural operations for bioenergy. Furthermore, in the full life cycle of renewable energy, the construction of renewable energy production facilities often involves the use of fossil fuels, which themselves have significant impacts. Given that all forms of energy production have some level of environmental impact…". (See Environment Canada, 2010) . The United Nations claims that, globally, around two thirds of carbon dioxide (a main greenhouse gas) comes from burning fossil fuels and manufacturing cement (IPCC, 2014) . Note that cement and concrete are main building materials for dams and hydroelectric generation, hence, even this "renewable" form of energy results in significant carbon dioxide emissions (see IPCC, 2014 
Global to local weather scenarios and the Ottawa building industry
Earth scientists around the world agree that the addition of greenhouse gasses to the environment, mainly from the burning of fossil fuels, is changing global climate systems.
The United Nations International Panel on Climate Change (IPCC) states that, even if humans were to stop polluting today, the changes we have already made to the atmosphere will continue altering global climate systems for centuries to come (IPCC, 2014) .
The most significant change to Earth in the past 200 years has been a rise in average temperatures of just under two degrees Celsius (City of Ottawa, 2005 , 2014a Gleeson et al., 2011; IPCC, 2014 Coinciding with catastrophic storms elsewhere in Canada and around the world, the Ottawa region has experienced unprecedented rain-and wind-storms that have flooded basements, washed out roads and toppled trees in the last decade 7 . Climate scientists warn that bad weather is increasing in frequency and intensity. Also, events that were once more or less predictable from historical patterns are now more random (McBean, 2012) . Weather scientists and civil engineers can no longer refer to, for 6 Downscaling is the scientific process of applying large-scale (e.g. eastern North America) climate modeling to smaller scales (e.g. eastern Ontario).
example, "100-year flooding events" because storm patterns are changing, forcing authorities to revise flood management plans.
Despite the claim that weather will be less predictable, researchers have made projections of general patterns of change for our region 8 .
A warming planet is bringing warmer winters and more hot spells in the summers to Canada [City of Ottawa, 2005 , 2014a IPCC, 2014; Lemmen et al. (eds.), 2008; McBean, 2012; Semeiuk, 2013] . thirty-year average, with associated increased risks from the urban heat island effect (City of Ottawa, 2005 , 2014a . Elevated urban temperatures in Ottawa will likely increase electricity demands for air conditioning. Dry periods followed by lightning storms further increase the risk of forest fires, especially in rural areas (Ontario Ministry of the Environment, 2014).
Projections of rain events and drought are not, in fact, contradictory. Intense rainfall clears wetlands and rivers relatively quickly, running off much faster than a slower, more gradual rainfall, which tends to infiltrate into the ground. A subsequent drought would result in a net loss of surface water.
In summary, according to reports reviewed for this paper, weather events that were once more or less predictable have become much less predictable (IPCC, 2014; McBean, 2012; WMO, 2013) . Most sources reviewed for this report characterize weather in the Ottawa region as changing and predict more, and increasingly damaging, weather events.
Section 3 describes how changes to weather may add to the impacts of alreadysevere weather upon Ottawa's built environment.
Potential impacts of climate change on buildings and infrastructure in Ottawa
Ottawa is known for its temperature extremes and harsh climate. Ottawa high and low temperatures often vary by 60 degrees Celsius between summer and winter, and temperatures regularly vary 20 degrees within single days. Ottawa also experiences considerable precipitation year round. Ottawa's harsh climate regularly interferes with construction schedules and is also hard on buildings and materials. Freezing and thawing over short timeframes combined with moisture infiltration rapidly deteriorates building exteriors, as well as asphalt and concrete. Heavy rain combined with wind leads to water infiltration of cladding and subsequent damage to structures and interiors. Ottawa's relatively harsh and variable climate is hard on construction workers too, and will become harder. Given the previous description of potential changes to weather, Ottawa will be an even more challenging place for construction work and buildings.
At this point it is critical to note that we found no research that identifies or discusses the unique and measurable impacts of changing climate on the built environment and construction processes. In other words, because the research does not seem to exist, we can only speculate about the potential increases in the impacts of weather changes compared to conventional measures of environmental deterioration on structures (Pope, 2015) .
Flooding
Three major rivers -the Ottawa River, the Rideau River and the Gatineau River -meet at In addition to damaging buildings, urban storm runoff is generally contaminated with assorted pollutants from roads, garbage, and raw sewage from combined systems, which amplifies the negative impacts on waterways from severe rainstorms. Flooding and flood runoff can become a health hazard for people and other non-human species in or near waterways.
Wind
Climate scientists hesitate to link damaging winds directly to climate change (McBean, 2012 and wind-driven projectiles, falling trees and electrical disruptions can also be expected to increase. Wind also creates risk from waves for buildings and shoreline infrastructure near bodies of water. Winter winds will add to heating loads, and will increase challenges (and compromise safety) for workers on construction sites, especially on multi-story buildings.
Freezing Rain and Freeze-Thaw Cycles
Numerous sources state that climate change will increase freezing rain [Cheng, with exterior vents and ventilation systems, and, in the past, freezing rain has badly disrupted electrical and communication grids (Health Canada, 2012; Statistics Canada, 2008) . Given the widespread reliance on electricity for space heating, grid failure increases risk for frozen water pipes and other water damage depending on how long power is disrupted, along with corresponding weather conditions during the outage.
Freezing rain, hail and snow may also combine to interfere with sewers and drainage, increasing the risk of overland flooding, especially in predominantly paved urban areas.
Finally, freezing rain has profound impacts on transportation and personal mobility for vulnerable populations such as seniors, people with disabilities and children, with attendant liability issues for property owners. Along with direct damage to buildings, snow and ice falling from buildings can be expected to increase. In addition to risks to pedestrians and vehicles, falling snow and ice may cause damage to protruding building components, roofs at lower levels, and vents and mechanical installations on those lower roofs 10 .
Heat & Drought
Summer temperatures are expected to rise along with the frequency of extreme hot spells . Hot spells will be amplified in urban areas by the heat island effect. Heat islands occur where built form (due to its albedo) holds heat from air conditioning, cars, buildings and the sun, releasing it more slowly than natural materials would otherwise. A lack of trees and other vegetation, and dark surfaces like asphalt, both contribute significantly to heat islands. Dark surfaces are simultaneously susceptible to deterioration from extreme heat. Some flexible joints and membranes will age prematurely during hot spells. Heat combined with sunshine will overheat and prematurely age many finishes and materials in building interiors as well.
Increased air-cooling loads in summer months will likely offset reduced heating requirements in the winter. Spikes in demand for electricity for air conditioning have led to "brown-outs" and "black-outs" 11 where supply cannot keep up with demand. Brownouts may combine with hot spells to increase negative health impacts for the most vulnerable people like seniors and infants, especially in multi-story buildings (Health Canada, 2012; IPCC, 2014) .
As mentioned, weather scenarios include dry spells punctuated by severe rain events.
Both will impact upon Ottawa landscapes, as in 2012, when water shortages led to lawnwatering restrictions for much of Ottawa. There were also many reports of foundation damages in houses as soils in Ottawa dried and trees sent roots towards houses in search of water. Soils in Ottawa consist largely of Leda or quick clay, which has varying impacts on buildings depending on precipitation. As precipitation patterns change, so will concerns about soil conditions in Ottawa. Notably, if Leda clay becomes supersaturated (e.g., due to a heavy rainfall event), it liquefies, sometimes to devastating effect, causing landslides, sinkholes and damage to building foundations.
In sum, apart from rain and flooding, most of the changes in climate projections imply that Ottawa weather will become more amplified, rather than fundamentally altered. In other words, risks will come from extremes in existing weather patterns rather than different patterns. Ottawa's already-severe climate will become more severe. The
City recognizes the challenges in projected changes, and has been altering environmentrelated policies and regulations to match.
Ottawa and the environment at three levels of governance
Over the past decade, the City of Ottawa policy makers and planners have been increasingly vocal about environmental issues. These concerns are reflected in the 11 A brown out is a reduction in the voltage of a power line. A black out is an interruption of power.
recently updated Official Plan, density and tree bylaws, and the Choosing Our Future planning initiative. Also, as mentioned earlier, the City, the RVCA and the MVCA are working together on a watershed-wide climate change management plan.
In the spring of 2014, the City produced a revised Air Quality and Climate
Change Management Plan (AQCCMP) on the heels of a major official plan review.
According to the AQCCMP, the City of Ottawa will work more closely with community partners "to reduce air pollution and make Ottawa more resilient" and "reduce per capita emissions by 20% between 2012 and 2024" 12 especially by increasing transit ridership.
The City now has an extreme weather committee and plan, and is working on a Hazard
Mitigation plan and program.
The City of Ottawa points to the connections between transportation, buildings and greenhouse gas (GHG) emissions. The previous (2005) One might interpret the previous sentence as contradictory. In addition to the AQCCMP, the watershed study and assorted bylaws, the City has undertaken numerous environmental policy and program initiatives at City Hall, many of which had direct input from the development industry. For example, the City of Ottawa Infrastructure Master
Plan now includes the:
• Greenspace Master Plan;
• Subwatershed Plan;
• Community Design and Secondary Plans;
• Transit-Oriented Design Plans for various part of city;
• Design Guidelines for neighborhood development;
• Urban Tree Conservation Bylaw; and,
• Wet Weather Infrastructure Master Plan (City of Ottawa, 2013) .
The impact (and effectiveness) of environmental plans, guidelines and bylaws will depend upon direct buy-in from bureaucrats, the voting and consumer public, and the development industry. If the initiatives add to production costs, consumers and developers will likely resist. This "clash between public and private interests" 14 is increasing along with debates about land use planning and the environment, especially around climate change, as environmental damage hits home. The debates will likely become more politically volatile at all three levels of government in coming years. ballooned over 600% to $4.1 billion in the past several years (Naumetze, 2014) . Because of its impact on infrastructure and communities in general, flooding related to climate change should be of immediate and pressing concern to Canadian taxpayers, homeowners and housing producers. Section 5 briefly speculates about how climate change may directly and indirectly impact the housing industry.
Potential policy and economic implications for the residential development industry
Again, we must preface the following discussion by stating that changes to weather are difficult to predict, as are the resulting changes to deterioration of the built environment.
However, given the previous discussion, some cautionary speculation seems warranted.
First, what might the impacts of climate change on builders and the housing industry? If climate change has projected impacts in the Ottawa region, construction staff will be obliged to work in even more difficult weather conditions than they do now.
Builders can expect extra weather delays from freeze-thaw events, freezing rain, wind storms, heat spells, humidity and rain storms. Severe weather may delay delivery of building materials, quite probably around the world as well as in Ottawa, and increasingly severe weather will likely have insurance implications for construction sites as well as buildings and developments. Weather already interferes with building schedules, slowing production and delaying closing dates. There is simply no way to predict how or how much climate change will disrupt construction and costs in the future.
Moreover, weather becomes less stable and more unpredictable as humans release more GHGs into the atmosphere, a compelling reason for cities to cut local GHG production.
Next, at the scale of the city, repairs, maintenance and upgrades to municipal infrastructure will inevitably result in increasing taxes. Flooding remains the biggest concern, according to weather projections for the region, and not only in the spring as in the past. Stronger general regulations on carbon will influence GHG emissions and fossil fuel consumption in particular. Carbon pricing increasingly appears to be a viable antidote to climate change in debates across the political spectrum. The impact(s) of carbon pricing is beyond the scope of this paper, but as the social, environmental and economic costs of fossil fuels and climate disruption become more obvious, the housing industry ought to consider the questions raised in the concluding Section 6.
Questions for discussion
Clearly, climate change poses both challenges and opportunities. A progressive builder might seek to answer the following questions:
 At some point, will Ottawa see the end of the single, detached, stick-framed houses on large lots situated a good distance from employment and shopping?
 Will fossil fuel costs remain low? If they rise significantly, through increased taxation on production, how will this impact where and how we build housing?
 Will development land on the outskirts become "stranded assets" if any of three levels of government put a price on carbon?
 Will suburbs be "revised" for a new energy economy? What are the opportunities for innovation in suburban development? How will they be tied to transit? 
